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Fungi

Macrofuugi can be assessed directly in the field, with
checking where necessary in the faboratory. Micro-
fungi can be separated under the microscope, while
fungi are isolated from microhabitats onto artificial
media and then can be separated by their characters.
The use of fungl in future environmental impact as-
sessment is a real option. .

For background information see FUNGI; MYCOR-
RHIZAE in the McGraw-Hill Encyclopedia of Science
& Technology. Kevin D. Hyde

Bibliography. K. D. Hyde, Biodiversity of Tropical
Microfungi, Hong Kong University Press, 1997; K. D.
Hyde, Can we rapidly measure fungal diversiry?,
Mycologist, 11:176-178, 1997, B. Kendrick, The
Fifth Kingdom, Mycologue Fublications, 1992; S. B.
Pointing and K. D. Hyde, Bivexploitation of Fungi,
Fungal Diversity Research Series 2, Hong Kong,
2000.

Fungi

Mycorrhizal fungi are ecologically significant be-
cause they form symbiotic relationships in and on
the roots of host plants. The host plant provides the
fungus with a soluble carbon source, and the fungus
provides the host plant with an increased capacity
to absorb water and nutrients from the soil. Thus,
both partners benefit from this relationship. It has
been found that the majority of plants do have my-
corrhizal fungi associated with them; some of these
associations are very specific while others are very
broad.

Mycorrhizal fungi are classified into four major
types: ectomycorrhizal, arbuscular mycorrhizal,
ericaceous mycorrhizal, and orchid mycorrhizal.
(sce illus. and table) Ectomycorrhizal fungi are

characterized by the presence of a Hartig net and
a fungal sheath, and the absence of fungal hyphuc
in the plant root cells. The Hartig net is a complex
network of fungal hyphae that penetrates between
the root cells but does not penetrate into the root
cells. Nutrient exchange berween the fungus and
the host plant occurs at the Hartig net. The fungal
sheath is a compact layer of fungal hyphae, with vary-
ing thickness depending on the specific fungus, that
surrounds the young root surface of the host plant.
The fungal sheath prevents direct contact between
the root and the soil. The fungal sheath serves as a
nutriefit reservoir and also provides protection from
pathogenic microorganisms for the host plant.

Arbuscular mycorthizal fungi are characterized
by the presence of fungal hyphae within the root
cells, the absence of a Hartig net, and the presence ol
fungal hyphae on the root surface but not as a fungai
sheath. The arbuscules are branched hyphae found
inside the root cells, and this is the area of nurrient
exchange between the fungus and the host plant.

Ericaceous mycorrhizal fungi form symbiotic as-
sociations with plants in the Ericaceae family. They
are divided into three subgroups which are charac-
terized by the presence or absence of a Hartig ner,
a fungal sheath, and fungal hyphae within the rool
celis.

Orchid mycorrhizal fungi are charactetized by
the absence of a Hartig net and a fungal sheath and
the presence of hyphal coils in the root celis. This
type of fungus-host plant relationship is acoally
more pamasitic than symbiotic in the early stages ol
plant growth because as a seedling the orchid is
totally dependent on the fungus for growth.

Numerous studies have shown the important ben-
efits of the fungus-host plant relationship for the
plant in terms of water and nutrient uptake.

Plant host, fungi, and impottant characteristics of major types of mycorrhiza*

Mycarrhizal Charactetistic Characteristic
type Hosts involved Fungi invalved structures functions
Ectormnycorrhizal Mostly gymnosperms WMastly basidio- Hartig net MNutrient uptake
Some angiosparms mycetas Mantie Mineralization of
Restricted to woody Soma ascomycetes Rhizomorphs organic matter
plants Few zygomycetas Soil aggregation
Arbuscular Bryophytes Zygomycetes Arbuscules Nutrient uptake
Ptaridophytes {Glomaies) Vasicles Soil aggregation
‘Some gymnhosperms Auxiliary cells
Marwy angiosperms
Ericaceous Ericales Ascomycetes Some with hyphae in Mineralization of
Monotropaceae Basidiomycetes cell, some with organkc matter
. mantle and net Transfer betwean
plants
Orchidaceous Crohidaceae Basidiomycetes Hyphal coils Supply carbon and
vitaming to smbryo
Ectendomycorrhizal Mostly gymnosperms Ascomycetes Hartig net with some Nutrient uptake
- call penetration Mineralization of
Thin mantle organic matter

*From D, M. Sylvia et al. (eds.), Frinciples and Applicetions of Soil Microbiclogy, Prentice Hall, 1998,
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Cross section of several iypes of mycorrhizal fungi, (Modified from original drawing by V. Furtan; used with permission)

Mycorrhizae greatly increase the total volume of soil

~ which is now available for nutrient and water uptake,
Dy increasing the root surface area for absorption of
“"water and nutrients. Because the fungal hyphae can
" penetrate areas of the soil not available to the plant

roots, it can access water and nutrients, especially

- phosphorus, that would otherwise be unavailable to
-the plant. This is especially noticeable in a stressed

chvironment, In arid climates or nutrient-deficient

--aiiils, this capability oftent makes the difference be-
. tween plant survival or death.

The uptake of nutrients by the mycorrhizal fungi is
affected by the same conditions that affect uptake by

-~ the root, such as temperature and oxygen. Nutrients
* known to be absorbed by mycorrhizal fungi include
.phosphorus, nitrogen, potassium, coppet, zing, and
. stilfor, These nutrients often exist in low concen-
“trations or have low mobility in the soil. The most
. iramatic example of increased mineral uptake by my-
:vorrchizal fungi is with phosphorus. In a phosphorus-
wdeficient soil, uninfected plants grow quite poorly.

However, if the plant is infected with mycorrhizal
fungi, there is good, healthy, normal plant growth
despite low concentrations of soil phosphorus.
Sometimes phosphorus is present in a soil bur not

in a form available to the plant, or it is adsorbed to

the soil particles. The sources of phosphate available
to the mycorrhizal fungi are inorganic orthophos-
phate and phytate. The mycorrhizal fungi are capa-
ble of utilizing or degrading organic matter to obtain
phosphorus which is unavailable to plant roots; one
example is the organic phosphorus source, phytate.
After the mycorrhizal fungus has decomposed
the phytate, phosphorus is absorbed, and is translo-
cated by cytoplasmic streaming to the plant root, ln
the mycelial strands a large portion of the phospho-
rus exists as polyphosphate, which can be stored
and later transfocated to the root via cytoplasmic
streaming,

Increased nitrogen uptake, especially in the form
of ammonium, has also been observed with mycor
rhizae. Mycorrhizal fungi are able to utilize insoluble
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Fungi (medicine)

Organic nitrogen compounds found in humus. Once
nitrogen is taken up by mycorrhizae, it is converted
10 glutamine in the fungal hyphae and is then trans-
fetred to the host plant. Nitrogen and phosphorus
metabolism are closely interrelated, and the increase
in nitrogen uptake in mycorrhizal plants may actually
be an indirect effect of the increased phosphorus
uptake.

Carbon flows from plant feaves to roots in the
form of sucrose produced via photosynthesis, and
it is then transferred to the mycorrhizal fungus. In
arbuscular mycorrhizal fungi, the plant carbon is con-
verted to glycolipids by the fungus, which allows for
the accumuiation of carbon by the fungus. In ecto-

mycorrhizal fungi, the plant carbon is converted by ©

the fungus to carbohydrates that the plant cannot uti-
lize and is stored in the fungal sheath. This provides
the fungus with a carbon concentration gradient in
its favor. Studies have found trehalose, mannitol, and
glycogen present in ectomycorthizal roots but ab-
sent in uninfected roots. Mannitof and trehalose are
known to be utilized by ectomycorrhizal roots but
not by uninfected roots, Sucrose from the host plant
is transtocated to the roots, where the ectomycor-
rhizal fungus converts it to glucose and fructose.
These two types of carbohydrates are then trans-
ferred to the fungal sheath, where the glucose is
converted to glycogen and trehalose and the fruc-
tose is converted to mannitol. Studies have shown
that the majority of the carbon received from the
host plant by the fungus is used as an energy source
for nutrient uptake instead of for fungal growth. If
most of the carbon was used for fungal growth, the
fungus would not be able to continue in its role of nu-
trient uptake in this symbiotic relationship with the
plant.

Studies have also shown that plants with mycor-
rhizal fungi associated with their roots have an extra
form of protection against toxins in the soil, root
pathogens in the soil, and pH and temperature ex-
tremes. Because the fungal sheath prevents direct
contact between the soil and the root, it allows the
plant to survive in soil conditions which may be
harmful to the plant alone.

Mycorrhizal fungi play a large role in helping to
maintain a balance within an ecosystem. Because the
fungal hyphae extend throughout the soil, they help
to improve the soil structure by increasing aeration
and moisture infiliration, They are also involved with
various nutrient cycles, including carbon, phospho-
rus, and nitrogen. Mycorrhizal fungi provide a direct
link between soil nutrients and plants by providing
the host plant with nutrients otherwise not available,
These fungi also have an effect on the decompo-
sition of organic matter in soils. This may be due to
the competition berween the mycorrhizal fungi and
the decomposers for limiting nutrients such as nitro-
gen. Some ectomycorrhizal fungi have been shown
to obtain energy and nutrients by degrading organic
materials in soil, thereby living independently of a
host plant.

Some fungi, especially the ectomycorrhizal and
ericaceous mycorrhizal fungi, may not be as depen-

dent on the host plant as previously thought. My
corrhizal fungi do possess a wide variety of enzymus
which would account for their ability to utilize other
carbon sources. Mycorrhizal fungi long have bec

studied for their ecological benefits to the plani -

Because many plants cannot survive without this
relationship with the fungus, most emphasis was pu
toward how to improve the plant's growth. Mor:
recently the emphasis has been moving toward the
capabilities of the fungus itself. Mycorrhizal fungi
have been studied for applications in phytoremeddi
ation of toxic organic chemicals, heavy metals, and
radionuclides in contaminated soils. )
For background information see ERICALES; FORES|
ECOSYSTEM; FUNGAL BIOTECHNOLOGY; FUNGAI
ECOLOGY, FUNGI; MYCORRHIZAE;, RHIZOSPHER.
ROQT (BOTANY) in the McGraw-Hill Encyclopedia ol

‘Science & Technology.

Pauia Donnelly Neflessen; James A. Entry
Bibliography. M. E Allen, The Ecology of Mycor
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1991; J. L. Haricy, The significance of mycorrhiz.
Myeol. Res., 92:129-139, 1989; $. E. Smith and D,
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Diego, 1997; D. M. Sylvia, Mycorrhizal symbioses, in
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of Soil Microbiology, Prentice Hall, Upper Saddic
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Fungi (medicine)
Many medicines in use today are derived from com

" pounds originally produced by fungi. A number i

modern drugs are the purified form of chemicais
present in traditional medicings, but only a few
macrofungi, such as Cordyceps sinesis, which grows
on caterpillars of the moth Hepilis fabricius, have
been used in traditional medicines. However, since
the 1940s the pharmaceutical industry has reficd
upon microfungi as sources of new medicines, Ofthx
current top-seiling prescription medicines, pravi
statin, simvastatin, and [ovastatin ¢atl used to lowcr
plasma lipoprotein ievels) are derived from
molecule, mevinolin, produced by Aspergilius ter
reus. Three other top-selling medicines derived from
fungi include the antibacterial antibictics amoxicillin
(a semisynthetic penicillin which is sold in combi
nation with another compound) and ceftriaxone (s
cephalosporin), and the immunesuppressive agen
cyclosporin.

Secondary metabolites ({natural products), Funyi -

growing in natural environments utilize surroumnl
ing nutrients and extract energy for conversion
into biomass using primary metabolism. So-callcd
secondary metabolites are often produced during
growth and, more especially, as growth slows dur
ing nutrient depletion. The role of these metabx
lites in the producing organism is not entirely clear
but it is argued that fungi have evolved the ahil
ity to biosynthesize secondary metabolites due (1
the selectional advantages they obtain as a result
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